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Abstract 
Hydroxyapatite-zirconia composites have received much attention during the last decade due 
to their combination of the desirable mechanical properties of zirconia and the excellent 
bioactivity of hydroxyapatite (HA). However, thermal decomposition of the hydroxyapatite 
phase and reaction between the zirconia phase and the hydroxyapatite phase remain a major 
problem of the hydroxyapatite-zirconia composites. In this study, thermally stable and 
fluorine-substituted hydroxyapatite (Ca10(PO4)6(OH)0.8F1.2; coded as HA06F) was prepared by 
a sol-gel method to replace the hydroxyapatite. Yttria-stabilized zirconia (YTZP) was also 
prepared by a sol-gel method in order to produce HA06F-YTZP composites with 5, 10, 15,  
20, 40, and 60 wt% YTZP by simple and cost-effective pressureless sintering. 
Thermogravimetric analysis (TGA) and x-ray diffraction (XRD) of the HA06F-YTZP 
composites showed that the thermal stability of the HA06F matrices could be maintained 
when the YTZP content did not exceed 20 wt% and for sintering temperatures less than 1400 
oC. Dilatometric analysis and microstructural observation revealed that the YTZP phase in the 
HA06F-YTZP composites retarded the densification of the composites if the zirconia content 
was over 20 wt%. Electron scanning microscopy (SEM) and high resolution transmission 
electron microscopy (HR-TEM) of the HA06F-YTZP composites showed that the YTZP 
second phase had a size in the nanometer scale and the reaction between the HA06F phase 
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and the zirconia phase was suppressed. Mechanical properties including the Knoop hardness, 
the Young’s modulus, and the fracture toughness of the HA06F-YTZP composites increased 
with the YTZP content until the optimal content of 20 wt%; higher YTZP contents led to low 
mechanical properties due to poor densification of the composites and the severe thermal 
decomposition of the HA06F phase. The optimal HA06F-20YTZP composite also showed 
desirable attachment and proliferation of osteoblast cells. Nevertheless, the study of the 
composite system indicated the limitations of the pressureless sintering technique. To achieve 
the full potential of the composites for medium or low load bearing applications, a 
pressure-assisted sintering technique would still be necessary.  
 
 
INTRODUCTION 
 
During the last decade much attention has been drawn to the hydroxyapatite-zirconia 
composites because this composite system could combine the relatively high mechanical 
properties of zirconia (ZrO2) with the good bioactivity of hydroxyapatite (HA) [1-5]. As a 
reinforcement material, the zirconia used was actually yttria-stabilized tetragonal zirconia 
(YTZP) which has the potential toughening mechanism due to the tetragonal to monoclinic 
zirconia phase transformation. However, the composite system has the potential problems of 
thermal decomposition of the hydroxyapatite phase and chemical interaction between the 
hydroxyapatite phase and the zirconia phase at a high sintering temperature, as described 
below [6]: 
Ca10(PO4)6(OH)2 + t-ZrO2 = 3Ca3(PO4)2 + c-ZrO2/CaZrO3 + H2O ↑                   (1) 
This chemical interaction unfortunately would affect the phase purity and the microstructure 
of the hydroxyapatite-zirconia composites, leading to undesirable mechanical and biological 
properties.   
 
To minimize the thermal decomposition and improve the densification of the composites, 
various pressure-assisted techniques have been employed to produce hydroxyapatite-zirconia 
composites; for example, hot isostatic pressing (HIP) [7-8] and spark plasma sintering (SPS) 
[9] were used. In addition, a wet sintering technique [10] involving a high concentration of 
H2O was used to retard the decomposition process of the hydroxyapatite phase. Despite their 
ability in producing good quality hydroxyapatite-zirconia composites, these techniques are 
either too costly or too complicated.  
 
Apart from the processing techniques to control the external sintering conditions, other 
approaches were also used to suppress the decomposition of the hydroxyapatite phase. For 
instance, Kong et. al. [11] added alumina into the hydroxyapatite-zirconia composites to 
minimize the contact areas between the hydroxyapatite phase and the zirconia phase, and 
hence suppress the interactions between them. However, the introduction of another metal 
oxide phase into the hydroxyapatite-zirconia composites might also result in a high level of 
residual thermal stresses and lead to microcracking of the sintered bodies due to the large 
difference in the thermal expansion coefficients of the composite components. Since partially 
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or fully fluorine-substituted hydroxyapatite (HAF) ceramics [12-14] have shown a high 
thermal stability and some level of bioactivity, they have been used as the matrices for the 
HAF-YTZP [15-18] composites.  
 
In particular, Kim et al. [15] used CaF2 as a sintering aid to thermally stabilize the HA-ZrO2 
composites due to the substitution of OH- groups by F- ions, but the amount of the added CaF2 
was rather low i.e. 5 wt%. In another study, Adolfsson [16] made fluoroapatite (FA; 
Ca10(PO4)6F2) by a solid-state reaction between tricalcium phosphate and CaF2 and produced 
FA-ZrO2 composites. However, the FA may be too stable and thus lack a sufficient degree of 
bioactivity. In addition, Kim et al. [17, 18] prepared some FA particles and mixed them with 
some HA particles to form partially fluorine-substituted hydroxyapatite (HAF), which was 
then used to produce HAF-ZrO2 composites. However, all these studies used the starting 
powders prepared by a high temperature process and thus containing hard agglomerates and 
poorly mixed components.  
 
In our previous work [19], a sol-gel method was used to prepare fluorine-substituted 
hydroxyapatite (HAF; Ca10(PO4)6(OH)2-2xF2x) nano-sized particles, from which 
fluorine-substituted hydroxyapatite ceramic monoliths were also prepared. It was found that 
when the x in the chemical formula of Ca10(PO4)6(OH)2-2xF2x took the value of 0.6, the 
particles of the composition (coded as HA06F) showed optimal sinterability and subsequently 
sintered ceramics exhibited high thermal stability i.e. low tendency of thermal decomposition. 
The aim of this study was to take advantage of the optimized HA06F ceramics and further 
improve their mechanical properties through the incorporation of nanosized yttria-stabilized 
zirconia (YTZP) particles. To our knowledge, little or no work has been done to produce 
composites of the fluorine-substituted hydroxyapatite and the yttria stabilized zirconia phases, 
which were both prepared by a sol-gel (or precipitation) method. Another aim of the study 
was to investigate whether the conventional and cost-effective pressureless sintering 
technique could be used to achieve HA06F-YTZP composites. The focus of the study was on 
the optimisation of the YTZP phase content in the composites in order to achieve optimal 
microstructure, mechanical properties and biological performance. It was expected that the 
HA06F-YTZP composites would be sintered more densely than the conventional YTZP 
reinforced HA composites, as the former would tolerate higher sintering temperatures and 
result in less decomposition. HA06F-Y-TZP composites would also have higher resistance to 
dissolution in the body environments compared to YTZP reinforced HA composites. The 
aimed structure and properties of the composites would allow the composites to be useful for 
medium load bearing situations such as dental implants. The composites however would not 
be useful for high load bearing applications such as hip implants as compared to YTZP 
ceramics, and the composites would also not be as good as hydroxyapatite/ tricalcium 
phosphate composites for low or no load bearing applications such as bone defect fillers. 
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MATERIALS AND METHODS 
 
 
Starting materials 
 
The starting materials used in this study were calcium nitrate 4-hydrate (Ca(NO3)2·4H2O, 
BDH Limited Company, Inc.), ammonia fluoride (NH4F, Fluka Chemie Company, Inc.), 
diammonia hydrogen phosphate ((NH4)2HPO4, Merck KgaA Company, Inc.), yttrium nitrate 
(Y(NO3)3, Aldrich Chemical Company, Inc.), 30wt% zirconyl chloride solution (ZrOCl2, 
Aldrich Chemical Company, Inc.), and 28wt% ammonia solution (NH4OH, Ajax Laboratory 
Chemicals Company, Inc.). 
 
 
Preparation of HA06F-YTZP mixed sols 
 
HA06F-YTZP composite powders with different YTZP contents were prepared by mixing 
nanosized HA06F particles with nanosized YTZP particles, both of which were prepared by 
sol-gel methods. To prepare the HA06F particles, calcium nitrate 4-hydrate (Ca(NO3)2·4H2O) 
was first dissolved in distilled water and vigorously stirred on a hotplate to form a 0.5 M 
solution, into which a diammonia hydrogen phosphate ((NH4)2HPO4) solution and a 0.06 M 
ammonia fluoride (NH4F) solution were added dropwise to keep a Ca/P ratio of 1.67. After 10 
minutes of stirring, an ammonia (NH4OH) solution was added into the mixed solution to 
adjust the pH level to 10-11 and induce the precipitation of the HA06F particles, followed by 
constant stirring for 2 hours to make the precipitation complete. On the other hand, to prepare 
the YTZP particles, a zirconyl chloride hydrochloride solution was mixed with an yttrium 
nitrate solution with a molecular ratio of 1:0.06. Then the pH level of the mixed solution was 
adjusted to 10 using the ammonia solution, followed by constant stirring for 2 hours. Finally, 
different amounts of the YTZP solution (suspension) were added to the HA06F solutions 
being stirred to form the HA06F-YTZP composites with different compositions, i.e., 5wt%, 
10wt%, 15wt% 20wt%, 40wt% and 60wt% YTZP. 
 
 
Preparation of HA06F-YTZP mixed powders 
 
The as-prepared HA06F-YTZP mixed solutions were kept stirring for another 4 hours and left 
to settle for 24 hours before they were washed several times with distilled water to remove 
any chemical residues. The washed slurries were dried in an oven at 60oC for 48 hours until 
solid ceramic pieces were obtained. The dried pieces were then ground using planetary 
milling in a dry condition for 7 hour to break the agglomerates and the elongated particles. 
The mixed powders with different compositions were named HA06F-5YTZP, 
HA06F-10YTZP, HA06F-15YTZP, HA06F-20YTZP, HA06F-40YTZP, and HA06F-60YTZP, 
corresponding to the amounts of YTZP added, i.e., 5wt%, 10wt%, 15wt%, 20wt%, 40wt% 
and 60wt% YTZP. 
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Preparation of sintered HA06F-YTZP composites 
 
The mixed HA06F-YTZP powders with different YTZP contents were made into discs by 
uniaxial pressing under 300 MPa. The pressed disc samples were then pressureless sintered in 
an electric furnace at 1400oC for 2 hours. The heating rate for the sintering was set at 4 
oC/min.  
 
Microstructural analysis 
 
For particle morphological observation, the mixed particles (or powders) from precipitation 
but without milling were collected on carbon film coated copper grids and observed under a 
transmission electron microscope (TEM, JEM-2010). For grain or phase observation, the 
sintered bodies were polished, thermally etched at 1350 oC, and coated with gold films and 
observed under a scanning electron microscope (SEM, JSM-5410 LV). For verifying the 
thermal stability of the prepared composites, some sintered samples were subjected to x-ray 
diffraction analysis (XRD，Lab XRD-6000 Shimadzu). Finally, to study the interfacial 
reaction in the sintered composites, the optimal HA06F-20YTZP composite was selected and 
was crushed into fine particles, which were then collected on a carbon film coated copper grid 
and observed under a high resolution transmission electron microscope (HR-TEM, 
JEM-2100F). 
 
Mechanical characterisation 
The Knoop hardness, the Young’s modulus, and the fracture toughness of the sintered 
composites were measured on a Shimadzu HMV-2000 microhardness tester using indentation 
methods as described below. For instance, measurements of the Knoop hardness were 
performed on the polished cross-sections of the HA06F-YTZP composites. A test load of 
0.3 kg and a holding time of 15 s (ASTM E384) were used in the measurements. The Knoop 
hardness Hk is expressed as [20] 
d
L14229H 2K =                               (2) 
where L is the load with a unit of Newton (N) and d is the longer diagonal of the indentation 
with a unit of micron. 
 
The microhardness tester was then used to measure the fracture toughness (K1c) using the 
following formula [21]: 
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⎛=                            (3) 
where E is the Young’s modulus (GPa), H the Vickers hardness (GPa), P the indentation load 
(N), c the crack length (m) from the centre of the indentation impression to the crack tip. 
 
 
Cell culture on the HA06F-YTZP composites 
 
The HA06F-YTZP composites with different YTZP contents were made into discs with a 
diameter about 11 mm and a thickness about 2 mm. One flat surface of each disc was ground 
and polished down to 3 μm. The discs were then sterilized in an autoclave at 121 oC for 20 
min, followed by immersion in the Dulbecco’s modified Eagle’s medium for 8 hours. The 
osteoblast cells maintained in out labs were then used and resuspended with the Dulbecco’s 
modified Eagle’s medium (DMEM) supplemented with 10% fetal bovine serum and 1% 
antibiotic–antimycotic. All discs were individually placed in wells of a 24-well plate, and 
1.5x104 cells/ cm2 were plated onto the surfaces of the discs. After 2 hours of incubation to 
allow the cells to attach onto the discs, fresh DMEM with 10% FBS was added into the wells 
to immerse the discs. Then cell culture was followed in an incubator with a humidified 
atmosphere of 5% CO2 in air at 37oC for 7 days. For every two days, the used culture medium 
was replaced with the fresh culture medium.  
 
 
Cell morphological observation using SEM 
 
To observe the cell morphologies on the disc surfaces after cell culture, the culture medium in 
each well was pipetted out, and immediately replaced with phosphate buffered saline (PBS). 
The rinsing was repeated three times for each disc and then the discs with cells were fixed 
with a 3% glutaraldehyde solution. The discs were then processed by soaking them in an 
osmium tetroxide solution for one hour, then dehydrated through a series of ethanol solutions 
with graded concentrations, and followed by two changes of 100% amyl acetate for 15 
minutes each. The discs were then dried using a supercritical point dryer (Denton Vacuum 
critical point dryer) and were coated with a gold film on a sputter coater (BioRad SC500), 
before observation using a scanning electron microscope (FEI QUANTA 200) under the 
acceleration voltage of 10 kV. 
 
 
RESULTS AND DISCUSSION 
 
 
Thermal stability of the sintered composites assessed by XRD 
 
The XRD patterns of the HA06F-YTZP composites sintered at the highest temperature of 
1400 oC are shown in Fig. 1 as an example of the XRD results. It can be seen that the YTZP 
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phase remained to be the tetragonal zirconia. However, some amounts of β-TCP phase were 
present in all the six composite samples, indicating the partial thermal decomposition of the 
HA06F phase due to the extreme high temperature of 1400 oC used. However, the degree of 
the decomposition was strongly affected by the YTZP content. For the HA06F-YTZP 
composites with YTZP contents not higher than 20 wt%, the amounts of β-TCP were not 
substantial. However, for the HA06F-YTZP composites with higher than 20 wt% YTZP, 
severe decomposition of the HA06F phase was detected. In fact, almost no HA06F phase was 
left for the HA06F-60YTZP composite. The high YTZP contents (higher than 20 wt%) in the 
HA06F-YTZP composites obviously decreased the thermal stability or accelerated the thermal 
decomposition of the HA06F phase. One can see that the peak intensity of the β-TCP phase 
was very weak for the composites of HA06F-40YTZP and HA06F-60YTZP, although it was 
claimed that the thermal decomposition was severe for the two composites. The reason was 
the presence of the dominant YTZP phase, which decreased the ability of phase detection by 
the XRD technique. In addition, the only partial thermal decomposition of the HA06F phase 
in the composites with YTZP contents not higher than 20 wt% was still a significant result, 
considering the extreme high sintering temperature of 1400 oC used. 
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Fig. 1.  XRD patterns of the HA06F-YTZP composites conventionally sintered at 1400oC for 
2 hours. 
 
 
Microstructure of the sintered composites 
 
The retarded densification of the composites due to high YTZP contents was also confirmed 
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by SEM observation of the polished and thermally etched surfaces of the original sintered 
samples, as shown in Fig. 2. It can be seen that a large number of macropores and crack-like 
defects were present in the HA06F-YTZP composites with YTZP contents higher than 20 
wt%. Additional density measurements of the composites sintered at 1400 oC indicated that 
while a relative density of 94% could be achieved for the composite with 20wt% YTZP, only 
a relative density of 84 % was achieved in the composite with 60 wt% YTZP. From Fig. 2, 
one can also see the distribution of the YTZP phase (bright spots) among the matrices of the 
HA06F (fluorine-substituted hydroxyapatite) phase and the invisible beta-tricalcium 
phosphate (β-TCP) phase. The YTZP phase or the YTZP grains were distributed on the grain 
boundaries and also within the grains of the matrices. Furthermore, with the increase of the 
YTZP content, more YTZP grains were trapped within the grains.  
 
Fig. 2 also reveals the grain sizes in the composites. On the one hand, the grain size of the 
matrix phase(s) (i.e. the dark or grey areas) in the HA06F-5YTZP composite was about 3-4 
μm, whereas the grain size of the matrix phase(s) in the HA06F-20YTZP composite 
dramatically decreased to ~1 μm. On the other hand, in spite of the presence of some clusters 
of YTZP grains, most other YTZP grains in all the composites were as fine as in the 
nanometer range, indicating the slow growth of the YTZP grains during the sintering at 1400 
oC. The slow growth of the YTZP grains may be due to the low sintering temperature of 1400 
oC (relative to YTZP) used and the significant isolation of the YTZP grains or particles by the 
matrix grains. On the other hand, the reduced matrix grain size due to the presence of the 
YTZP grains was caused by the grain boundary drag effect of the zirconia particles or grains, 
which slowed down the grain growth of the matrix phase(s).  
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Fig. 2.  SEM micrographs of the thermally etched surfaces of the HA06F5YTZP (A), the 
HA06F20YTZP (B), and the HA06F60YTZP (C) composites conventionally sintered at 
1400oC. 
 
 
Previous XRD results (Fig. 1) indicated that no reaction between the HA06F phase and the 
YTZP phase was detected, although a small amount of the HA06F phase had decomposed 
into β-TCP phase for the composites with YTZP contents no more than 20 wt%. High 
resolution TEM (HR-TEM) observation conducted on the selective HA06F-20YTZP sample 
also confirmed the absence of the reaction, as shown in Fig. 3; no interfacial compound layer 
such as CaZrO3 was found. It can be postulated that the thermal decomposition of the HA06F 
phase was not due to the chemical reaction with the YTZP phase, but rather due to the 
5 μm 
B
C
5 μm 
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relatively high sintering temperature used, which was in favour of the thermal decomposition 
of the relatively thermally stable HA06F phase (compared to fluorine-free HA phase). Having 
said that, the presence of the YTZP phase did indirectly contribute to the thermal 
decomposition of the HA06F phase, as the YTZP phase retarded the densification of the 
composites and the resulting porosity was in favour of the thermal decomposition. In fact, the 
substantial decomposition of the HA06F matrices in the composites with YTZP contents 
grater than 20 wt% can be explained by the high remaining porosities, resulting in open 
exposure to the atmosphere in the sintering furnace.   
 
 
Fig. 3.  HR-TEM bright field image of the HA06F-20YTZP sample conventionally sintered 
at 1400oC for 2 hours. 
 
 
Mechanical properties of the sintered composites affected by porosity 
 
The Knoop hardness and the fracture toughness of the HA06F-YTZP composites sintered at 
1400oC for 2 hours are shown in Fig. 4 and Fig. 5, respectively. It can be seen that the three 
mechanical properties of the HA06F-YTZP composites increased with the YTZP content up 
to 20wt%. However, when the YTZP content increased from 20 wt% to 60 wt%, the Knoop 
hardness and the fracture toughness decreased steadily, namely, from 6.68 ±  0.6 GPa and 
2.22 ±  0.3 MPa.m1/2 of the HA06F-20YTZP composite to 5.11 ±  0.4 GPa and 1.32 ±  
0.3 MPa.m1/2 of the HA06F-60YTZP composite, respectively. The increased mechanical 
properties were due to the achieved high relative densities (more than 94%) and the dramatic 
reduction of matrix grain size. As the Knoop hardness of the YTZP phase are normally much 
higher than that of the HA06F phase, and because the composites with ≤ 20 wt% YTZP 
t-ZrO2 
HA06F
100 nm
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were rather dense, the rule of mixture as a theory of composites can be applied to explain the 
increase of the Knoop hardness with the addition of up to 20 wt% YTZP. However, the 
increase of the fracture toughness of the composites with the YTZP addition cannot be 
explained using the rule of mixture, as there is no established formula. The increase of the 
fracture toughness also cannot be explained by the toughening theory of the tetragonal to 
monoclinic zirconia phase transformation, as the YTZP phase showed a size in the nanometer 
scale, which could be smaller than the critical grain size typically required for the 
transformation toughening. Instead, the increased fracture toughness of the HA06F-YTZP 
composites could be related to the enhanced interfacial bonding between the HA06F phase 
and the YTZP phase as compared to the intergranular bonding of HA06F grains.   
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Fig. 4.  Knoop hardness vs. YTZP content of the HA06F-YTZP composites conventionally 
sintered at 1400oC for 2 hours. 
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Fig. 5.  Fracture toughness vs. YTZP content of the HA06F-YTZP composites 
conventionally sintered at 1400oC for 2 hours. 
 
The poor mechanical properties of the HA06F-YTZP composites with 40 to 60 wt% YTZP 
were obviously due to the presence of the high porosities (up to 16%), resulting from the 
presence of the high zirconia contents, which tended to retard the densification of the 
HA06F-YTZP composites. There are already well developed relationships to describe the 
detrimental effect of a porosity on the hardness. For example, the dependence of hardness (H) 
on porosity (P) can be described by [21] 
( ) ( ) 1,exp1 2 <−−= ββPPHH o                              (4) 
where Ho is the hardness of the dense material counterpart, and β is an empirical factor, 
without relationship to microstructure.   
 
 
Cell attachment and proliferation 
  
Osteoblast cells were used in this study to evaluate the biocompatibility of the materials 
prepared because they are relevant for biomaterials to be used for bone tissue replacement or 
regeneration. Cell attachment and cell proliferation were evaluated for the fluorine-substitute 
hydroxyapatite ceramics (HA06F) and the composites of the HA06F matrix and the 20 wt% 
YTZP second phase. When all other conditions were kept the same, the attachment and the 
proliferation of the osteoblast cells were controlled by the surface morphologies and the 
surface compositions. Fig. 6 shows the results of the cell culture work: the cell populations on 
the HA06F disc samples and the HA06F-20YTZP disc samples were almost similar, but there 
was a difference in the attachment and spreading of the cells. The similar populations of the 
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grown cells suggests that the HA06F ceramic and the HA06F-YTZP composite samples were 
biocompatible for the cell culture period used, in spite of the different surface compositions. 
This seems not surprising as both the yttria-stabilised zirconia and the fluorine-substitute 
hydroxyapatite ceramics are normally biocompatible. One significant difference of the two 
samples was the surface smoothness. The HA06F ceramics had dense and smooth polished 
surfaces; whereas the HA06F-YTZP composites were less dense and showed rough polished 
surfaces. Considering the microstructure, the mechanical properties, and the cells’ attachment 
a n d  p r o l i f e r a t i o n ,  o n e  c a n  s e e  t h a t  t h e  H A 0 6 F - 2 0 Y T Z P  c o m p o s i t e  
was an optimal one out of the current study.   
 
 
 
 
 
Fig. 6.  SEM micrographs showing the attachment and growth of osteoblast cells on the 
HA06F ceramic (A) and the HA06F-20YTZP composite (B). 
B
400 μm
A
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CONCLUSIONS 
 
Based on fluorine – substituted hydroxyapatite (Ca10(PO4)6(OH)2-2xF2x, where x = 0.6 and 
coded as HA06F) that was optimised in the previous study in terms of sinterability and 
resistance to thermal decomposition, HA06F-YTZP composites with different contents of 
YTZP addition for better mechanical properties were prepared by simple and cost-effective 
pressureless sintering of the HA06F-YTZP mixed powder compacts at sintering temperatures 
up to 1400 oC. Judged from relative densities, grain sizes, mechanical properties, and cell 
growth, the HA06F-YTZP composites with the YTZP content about 20wt% were considered 
optimal out of the present study.  
 
The thermal stability of the HA06F matrix was evident from its limited decomposition into 
beta-tricalcium phosphate when YTZP contents were not higher than 20 wt% and even when 
the extreme temperature of 1400 oC was used. While YTZP addition tended to retard the 
densification of the composites, the grain size of the HA06F matrix was reduced to ~ 1μm 
because of the nanosized YTZP particles. The optimal HA06F-YTZP composite with 20 wt% 
YTZP had a relative density of 94% and showed much improved mechanical properties (0.5 
to 2 times higher) compared to those of the HA06F matrix. The addition of 20wt% YTZP also 
showed improved attachment of the osteoblast cells due to the presence of microporosity. 
 
After comprehensive study of the HA06F-YTZP composite system, the limitations of the 
conventional sintering technique were revealed because of the difficulties in achieving a high 
relative density (or low porosity), a low degree of decomposition, and a high YTZP content. 
Better mechanical properties would have been achieved if hot pressing, hot isostatic pressing, 
or spark plasma sintering had been used. A sintering aid based on a low melting temperature 
bioactive glass may be helpful if the simple and cost-effective sintering technique has to be 
used. The study could be used as a comparison or reference for those who may work on the 
composite system using a pressure-assisted sintering technique. The composite system would 
be useful for dental implants considering the requirements of biocompatibility, 
osteoconductivity, biostability (now or slow degradation), and medium level of load bearing.   
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